Lead is one of the most well-known naturally occurring environmental heavy metals. This experimental study was designed to evaluate lead induced toxic effects on hepatocytes and lobular architecture as judged microscopically. Material and Methods: This study was conducted in anatomy department, Benha faculty of medicine, Benha University, Egypt from May to October 2013 on 30 normal adult albino rats divided into 3 groups; one control and 2 experimental groups. The experimental groups were given 0.13% lead acetate solution in drinking water for 4 and 8 weeks, respectively. Animals were scarified and livers were removed and used to identify microscopic changes. Specimens were stained with Hematoxylin and eosin, with Masson trichrome stain for study of fibrous tissue and with periodic acid shiff's (PAS) to study the glycogen content . Other specimens were prepared for ultrastructural study. Results: Mild lymphocytic infiltration, vacuolar degeneration and mild increase of periportal fibrosis with mild depletion of glycogen content and partial disappearance of glycogen vacuoles were reported in animals received contaminated water for 4 weeks. Animals maintained for 8 weeks on contaminated water showed hepatic changes in the form of abundant lymphocytic infiltration, increased cellular polymorphism, pyknotic nuclei and areas of cell necrosis with evident moderate periportal fibrosis and marked vacuolar degeneration associated with marked depletion of glycogen content. Ultrastructural study revealed mitochondrial edema, appearance of interstitial inflammatory cells, and appearance of scattered variable sized lead electron-dense inclusion bodies. Conclusion: It could be concluded that chronic exposure to lead imposes a potent toxic effect on liver cells manifested as glycogen depletion, cellular infiltration and liver architecture in the form of initiation of periportal fibrosis that may progress to liver cirrhosis.
Introduction
Nowadays, lead is usually absorbed into the body by drinking contaminated water or breathing polluted air. Water from lead pipes may be contaminated with lead. Fumes from lead-based paints, automobile exhaust, polluted air from industrial plants, or cigarette smoke may all contain lead. Some cosmetics even contain small amounts. Many lead-containing products, however, are now outlawed [1] . Childhood lead poisoning is an important, preventable environmental disease affecting millions of children around the world.
Children are at a higher risk than adults regarding effect of lead on health. This is partly due to higher gastrointestinal absorption and slower elimination resulting in a higher lead body burden in children. Children are also more prone to lead nephrotoxicity and neurotoxicity, especially lead encephalopathy which is the most severe form of lead poisoning [2] .
Like other naturally occurring heavy metals-arsenic, mercury, and cadmium-lead also damages cellular substance and changes cellular genetics. The mechanism of lead toxicity, in general, involves oxidative damage that affects cell membrane and activates factors susceptible to transcription [3] [4] .
The liver is divided into microscopic masses of cells functionally situated around terminal venules in an acinar unit. Blood flows from the terminal portal venules into the sinusoids and comes into contact with hepatocytes within the unit until it drains into the terminal hepatic venules. Hepatocytes, representing approximately 60% of the liver cells, are 13 -30 µ in diameter and have eight or more surfaces. Each hepatocyte has both a microvillar and straight surfaces. The microvilli face the perisinusoidal space and extend into the pericellular space [5] .
Hepatocyte cytoplasm typically displays much granular and a granular endoplasmic reticulum, many mitochondria, lysosomes and many well-developed Golgi bodes, features indicating a high metabolic activity. Glycogen granules and lipid vacuoles are usually prominent. Numerous, particularly large peroxisomes and vacuoles containing enzymes indicate complex metabolism in these cells [6] .
Despite liver being not a target for lead toxic insult, [7] Wilczynska et al., (1998), conducted a retrospective observation covered 4.556 males with occupational disease, manifested by lead poisoning and reported increased total mortality among lead poisoned males with significant excess mortality was observed in diseases of the digestive system including chronic hepatitis and cirrhosis [7] .
The mechanism of lead induced hepatotoxicity is not very clear [8] . This prospective experimental study was designed to evaluate the lead induced toxic effects on hepatocytes and lobular architecture as judged microscopically.
Material & Methods
This study was conducted in anatomy department, Benha faculty of medicine, Benha University, Egypt from May to October 2013 on 30 normal healthy adult male albino rats purchased from the laboratories of Ministry of Agriculture. Rats were kept under standard conditions (temperature 20˚C, 60% humidity and 12 hours day/night cycle), and maintained on standard diet and pure distilled water till start of study regimens.
The animals were divided into three equal groups each of 10 rats. Control group rats were kept on normal diet and pure distilled water (Group A). The 2 experimental groups were kept on normal diet and given a 0.13% lead acetate solution in drinking water [9] for 4 weeks (Group B) and 8 weeks (Group C) respectively. Rats were grown each group in a separate cage under standard conditions throughout the study period.
Then, animals were sacrificed by decapitation and livers were removed. For histological & histopathological examinations small pieces of the liver were fixed in 10% neutral formalin & prepared for Hematoxylin & Eosin stain, and trichrome stain [10] which stains the fibrous tissue. For histochemical study, other specimens were fixed in alcoholic bouin's fluid for glycogen demonstration using [11] periodic acid shiff's (PAS) technique.
For electron microscopic study, small slices of liver were fixed immediately in 2.5% gluteraldehyde with 0.1 M phosphate buffer, dehydrated and observed with light microscope. Selected areas were noted and ultra thin sections of (70 -100 nm) were cut using the ultramicrotome then stained with 2 -1 uranyl acetate and lead citrate for 30 minutes each of them observed & photographed with Jeol 100 electron microscope.
Results

Histopathological Observations
Hepatic specimens obtained from the control group showed normal architecture of hepatic tissue with normal hepatocytes each cell is polygonal in shape with a large rounded vesicular nucleus inside an acidophilic cytoplasm. These hepatocytes are arranged in cords radiating from the central vein and are separated by irregular sinusoids (Figure 1) .
Specimens taken from rats given 0.13% lead acetate solution in drinking water for 4 weeks (short duration) showed mild infiltration with inflammatory cells adjacent to the vein which appeared congested. The hepatocytes showed degeneration of cytoplasm which appeared vacuolated (Figure 2) . Specimens examined from liver sections taken from rats exposed for 8 weeks (long duration) showed more affection of the hepatic lobules manifested by loss of hepatic architecture, pyknotic nuclei, some sections showed more affection in the form of hepatic cell necrosis (Figure 3) .
Control liver specimens stained by Masson trichrome stain showed normal thin layer of periportal fibrous tissue with appeared bluish in color (Figure 4 ). Specimens treated with lead acetate for short duration (4 weeks) showed mild increase in the amount of periportal fibrous tissue (periportal fibrosis) which is also seen radiating in between the cords of hepatic cells ( Figure 5 ). Moreover, specimens examined after 8 weeks of lead acetate administration (long duration) showed moderate increase in the amount of the periportal fibrous tissue and also radiating in between the cords of hepatocytes (Figure 6 ). 
Histochemical Observations
Control hepatic specimens stained with PAS showed normal content of glycogen particles which appeared as deeply red purple colored PAS-positive inclusions densely located inside the cytoplasm (Figure 7) .
Specimens treated with lead acetate for short period showed mild glycogen depletion involving many hepatic cells (Figure 8) . Those specimens treated for a longer duration (8 weeks) showed moderate glycogen depletion especially in the central area of hepatic cells radiating from the central vein (Figure 9) 
Ultrrastructural Observations
EM examination of control specimens revealed normal hepatocytes. Each hepatocyte is characterized by a prominent round nucleus normal mitochondrion, ribosomal studded-endoplasmic reticulum and normal bile canaliculus separating one hepatocyte from the adjacent one (Figure 10) .
Specimens taken from rats treated with lead acetate for a short period showed heavy infiltration with electron dense (lead) particles which appeared as dark spots interstitial inflammatory cells are also seen (Figure 11) . The mitochondria became swollen in addition to scattered cytoplasmic lysosomal inclusion bodies (Figure 12 &  Figure 13 ).
Discussion
African children are particularly predisposed to environmental lead exposure, because of their life style and socioecological factors. Gasoline sold in most African countries contains 0.5 -0.8 g/1 lead. In urban and rural areas and near mining centers, average lead concentrations reach 0.5 -3.0 mu g/m 3 in the atmosphere and 1000 mug/g in dust and soils. In addition to automotive and industrial sources, cottage industries and the burning of paper products, discarded rubber, battery casings and painted woods for cooking and heading represent additional hazards to individual households. Lead paint, lead solder and lead cosmetics are unregulated in some countries [12] .
Lead is a poison that affects virtually every system in the body. Children are more vulnerable to lead exposure than adults because of the frequency of pica, hand-to -mouth activity, and a greater rate of intestinal absorption and retention, Lead has a potent preferential susceptibility of the highly vascularized organs and even organized compartments [13] .
The mechanism of Lead induced hepatictoxicity is not very clear. Results from some recent studies intensely propose that oxidative stress and cellular apoptosis are the main causes for hepatic pathophysiology [14] [15] .
In the present study, liver specimens taken 4 weeks after exposure to lead showed minimal inflammatory cellular infiltration and starting vacuolation of hepatocytes, despite this picture is not characteristic for lead poisoning it reflected the body burden imposed by administration of a poisonous substance. This goes in hand with Gunawan & Kaplowitz, (2004) , [16] who stated that most adverse hepatic reactions to xenobiotics require me- tabolism of the drug to reactive metabolites and free radicals, which then either lead to direct overwhelming lethal insult, nonlethal sensitization to the lethal effects of the innate immune system, or haptenization eliciting an immunoallergic response of the adaptive. Immune system manifested by inflammatory cellular infiltration and activation of apoptotic systems. The results in this study go in hand with (Pal et. al., 2013) [17] who stated that lead has been reported to cause liver injury and cellular apoptosis.
Some hepatocytes showed cytoplasmic vacuoles, nuclear pyknosis and complete cellular necrosis in the rats treated for along period with lead. Such a change was previously demonstrated by Bennett, (1985) and Corpas et al., (1996) [18] [19] . Also, these histological picture coincided with that detected in avian study conducted by Kertesz & Fancsi (2003) [20] who reported that liver of ducklings exposed to surface water pollution with lead and other heavy metals showed significant lesions, dystrophy in the form of hepatic necrosis was detected in each treated animal.
In our study, liver specimen showed irregular hepatocytes with evident periportal fibrosis and marked vacuolar degeneration with depletion of glycogen content especially in those treated with lead for a longer duration. Russo et al., (1988) [21] studied the effects of lead on the kidneys and liver of rats given lead acetate in their drinking water for 6 months and reported that liver damage by lead was largely confined to centrilobular regions. Endothelial and Kupffer cells were the most affected; they often sequestered large numbers of the particles. In parenchymal cells, particles were few and mainly in vesicles, but they were more widely distributed in the cytoplasm. Ellender & Ham (1987) [22] studied the effects of lead on connective tissue and reported that lead induced local lesions characterized by changes in granulation tissue and approximating connective tissue. The granulation tissue contained mononuclear phagocytes in various guises, and some cells with intranuclear inclusion bodies and the matrix of the granulation tissue contained collagen fibrils having a wide range of diameters suggestive of altered collagen biosynthesis. That foci of collagen mineralization occurred in zones of combined trauma and lead impregnation. These foci once mineralized became enveloped by giant cells and epitheloid cells. These studies could explain the reported periportal fibrosis and hepatocyte disfigurement recorded in our study.
Moreover, specimens stained with PAS showed mild depletion of glycogen content after 4 weeks and moderate depletion after 8 weeks.
The toxic effects of lead on the liver detected by the light microscope in the present study agreed with Villa et al., (1993) , [23] who studied the toxic effect of lead on liver and spleen of rats using light microscopy and reported that lesions and lead deposits confirmed that lead is the causative agent.
Similarly, Corpas et al., (1996) [19] studied the effects of lead on hepatic and renal tissue of rats exposed to lead and reported lead intranuclear bodies and cytoplasmic vacuoles.
Papaioannou et al., (1998) [24] reported that intranuclear inclusion bodies is the most characteristic and pa-thognomonic finding induced by lead intoxication. They described lead inclusion bodies as bodies with a dense central core enveloped in a cortex of matted and radiating filaments and found them in all their sacrificed rats. In our study we observed such inclusion bodies in the juxta nuclear cytoplasm just adjacent and outside the nuclear membrane as evident by ultrastructural examination of the specimens examined after a long period of administration. Villa et al., (1993) [23] attributed the presence of these inclusion bodies in liver and spleen specimens of rats exposed to lead toxic doses by the fact that these organs are considered to harbor a great amount of constant macrophages with phagocytic function. Ceruti et al., (2002) [25] reported characteristic histological alterations ascribed to lead in wild rats exposed to high levels of lead and reported that the incidence of intranuclear inclusion bodies and karyocytomegally was higher in rats with high lead levels and in those exposed to lead for longer durations.
Goering & Fowler, (1985) [26] thought that inclusion bodies represent binding of lead by a binding protein that may mitigate the effects of lead on the cell's function.
Jarrar & Mahmoud, (2000) [27] studied lead intranuclear bodies that have resulted in the kidneys of adult Wister male rats receiving lead acetate in their diet using histological and histochemical techniques to determine their nature and reported that intranuclear inclusion bodies proved to be lead lipoprotein complexes containing sulfhydry1 groups and are basic in nature.
In the present study, the mitochondria became swollen in the long term treated group. These results go in hand with (Pal et. al., 2013) [17] who proved that Lead leads to hepatic cellular apoptosis via mitochondria dependent pathway.
Conclusion
It could be concluded that chronic exposure to lead imposes a potent toxic effect on the liver cells and architecture manifested as glycogen depletion, cellular infiltration, cellular necrosis and initiation of periportal fibrosis that may progress to liver cirrhosis.
Recommendations
It is recommend that, the industrial companies which extract or use lead in different industrial processes must tightly protect the workers in such places. Moreover, the environmental lead pollution and uncontrolled industrial use of lead must be controlled.
